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NMR-induced Axion

A “spin charge” distribution 
induced by spin polarization

In electrodynamics:

• Coherent spin-precessing source:

• Near-Field Limit:

Analogy with electrostatics

(Real part as the physical quantity)

“The Spin Charge Picture”
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Axion Field Configuration

• Uniform Source Material with Spins in Alignment:

Qiushi Wei, University of Florida



Axion-induced NMR
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Axion-induced NMR
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On resonance, axion turned on at t=0:

Transverses relaxation time
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Dual NMR Setup
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SQUID magnetometer:
senses magnetic fluxes in 
the pickup loop
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Noise Sources

 SQUID Noise: Sensitivity limit of the magnetometer

 Spin-projection Noise:

 Contamination: 𝐁𝐁1 that drives the NMR in the source

• Magnetic shielding

 Thermal Noise

• Cool down the apparatus
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Maintain a 90° tilt

R = 0.1, 1, 5, 10 cm
fix H/R = 3

Distance = R

Placed at the near end

Near-field (almost)
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Benchmark Sensitivities

10Qiushi Wei, University of Florida



Benchmark Sensitivities
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 Scaling relation (for the plateau):
Volume of detection sample
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Advantage #3: Gradient enhanced by spatial inhomogeneity:

Advantage #4: Capable of probing a larger mass range:

Advantage #5: Achievable with centimeter-scale devices [LSTWs: O(100)m]

Advantage #6: Can be split into multiple experiments without loss of sensitivity

① Broad-band axion search with a single frequency for long durations
② Precise frequency matching between the axion field and the sensor

① Regular power on/off and calibration
② Multiple experiments at the same time

Qiushi Wei, University of Florida



Conclusion

 Dual NMR:  compelling sensitivity to axions through the axion-nucleon coupling
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Axion

SensorSource Design: QW
Production: ChatGPT
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B1.  Axion-nucleon/nucleus Coupling

Operator          and                       should be the same in the Hilbert space of a non-relativistic nucleus. 

Define 

z component: 

For          :
[Stadnik, et al. – 2014]

I:  nucleus spin : total proton spin : total neutron spin
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Single-particle approximation (Schimidt model):         
[Krane – 1955, p.604]
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B2. Benchmark Field Magnitudes
• Cylindrical, H/R = 3
• 𝐁𝐁0 static, 𝐁𝐁1 alternating
• (Larmor frequency)
• Hyperpolarized
• 90° tilt 

Near-zone field amplitude:    (origin at cylinder center)

Axion dark matter:
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B3. Power Spectrum Density (PSD)

Signal PSD: 
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 SQUID Noise:
[CASPEr – 2013, Dror, et al. – 2022]

 Spin-projection Noise:

[Dror, et al. – 2022]

Noise PSD: 



B4. Scaling Relation

The signal lies predominantly in a single bin

Setting SNR to a constant threshold:

Plateau region:   near-field value 

Volume of detection sample
A dimensionless driving force 
that encapsulates factors from 
the production side, only 
depending on           and the 
geometry of the source sample

At the pick-up loop
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B5. Driving Force Function  

• Take
CW               CCW           (viewed from above, with 𝐁𝐁0 in +z direction)

Only depends on      ,       , and 

(origin fixed at source cylinder center) • Plug in

• Define dimensionless quantities:  
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Source-Geometrical Dependence:

Near-field limit (plateau region): 

at the pickup 
loop (near end)
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Frequency and Mass Dependence:

at the pickup loop (near end)

The plateau region in our projections

Maximal detectable mass
Height-to-radius ratio
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B6.  Magnetization-induced Magnetic field

sensed by the SQUID pick-up coil

maximized at the near end                    , with
23
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